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This document i s  the  f i n a l  repor t  of work performed on System 
Requirements, Spacecraf t  Descr ipt ion,  Mission Capab i l i t y ,  and Mariner-C 
System Comparison by the WDL Division of t he  Ph i l co  Corporation during the 
C o m e t  and Close-Approach Asteroid Mission Study for the Jet  Propulsion 
Laboratory under Contract  J P L  950870. The r epor t  covers work performed 
dur ing  the period 2 July 1964 t o  2 J a n u a ~ y  1955. 
Volume 4 on Spacecraf t  System Evaluat’on was prepared by 
Albert Giddis . 
This work i n  Volume 9 on Spacecraft  Configurations was performed 
by Robert Walton. 
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This d e t a i a  b a s d m  an environmental s p e c i f i c a t i o n  fo r  the Centaur 
stage boostered by the A t l a s  l a u n c h  v e h i c l e .  
Vibrat ion 
Throughout power f l i g h t  phase : 
Long 1 t ud i n e l  - - - - _ -  
Frequency c p s  
S - 40 
40 - 1500 
Frequency cps 
1 - 2 . 5  
2 . 5  - 40 
60 - 1500 
C ' s  ,zeri) - pea 
2 . 5  
2 . 0  
C's (zero - peek) 
2.0 
1 . 2 5  
2.0 
PJeussian Vibration 
Throughout power f l i g h t  phase: 
Longitudinal and Lateral  
Frequency C F S  G's (rms) 
- - - - - - - - - - - -  
100 - 1500 2.0 
Acce lera t ion  
Maximum value  during f l i g h t  (PpFroximately 153 s c c . )  near separation:  
6 . 2 5  C ' s  Longitudinel 
0.b C ' s  Lateral  
145 db (over-all l e v e l  i n  the  pryloed environment).  a Temperature 




Table 1-2. Space Envirnoment 
CORPUSCULAR RADIATION 
Galactic Comic b y e  




2 A . U .  
S O U R  PRESSURE 
Solar Constant 1 A.U. 
2 A.U. 






Solar Protonr 1 




Ne u t r on8 
2 3 x w/cm -yr 
3 x w/cm2-5 hr 





2 4.6 x dvnes/cm 
2 
4 x 10’’ dyneel cm 
2 1 x dyner/cm 
1.15 x 10‘’ dyner/cm 2 
(2 to 1) 1 0 ’ ~  gaur8 
(0.1 to 5) loo6 gausr 
8 10 erglgai-yr 




C o l l i s i o n s  between cosmic ray protons and i n t e r s t e l l a r  hydrogen 
n u c l e i  w i l l  produce secondary e l ec t rons  through a r e a c t i o n  chain,  but 
t h e  number and magnitude a r e  law and can be neglected as a degrading 
f a c t o r  on the veh ic l e .  4000 Hev protons i n  nuclear  r eac t ions  with 
A 1  n u c l e i  produce nuc l ides  of Mg, N e ,  Na, F, 0, N, C and Be, which, 
i n  some cases, a r e  r ad ioac t ive  and decay by gsmma, e l e c t r o n ,  or 
p o s i t r o n  emission. 
a s  w e l l  as i n t e r n a l  components. Neutrons caused by proton i n t e r a c t i o n s  
w i l l  expose e x t e r n a l  and i n t e r n a l  components. 
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SECTION 2 
MISSION CHARACTERISTICS 
2 . 1  MISSION C(R4STRAINTS 
Mission c o n s t r a i n t s  for the design of conceptual spacec ra f t  t o  
a c m p l i n h  the  C o m e t  Mission objectives a r e  tabulated below i n  Table 2-1 .  
Table 2 - 1 ,  Miss ion Cons t r a i n  t a  
Mission Period 1967-1975 
Launch Vehicles A t  1 a8 -Agena 
Atlas-Centaur 
DSlF Capab i l i t y  1964-1 968 
2 2  I n f e c t i o n  Energy (Cj) 7 - 2 2 . 2  km I I C C  
160 - 300 day8 Flight Time 
( to  i n t e r c e p t )  
( a t  i n t e r c e p t )  
( a t  i n t e r c e p t )  
He l iocen t r i c  Distance 1.25 - 1.80 A.U. 
(92-294) x 10 6 b. Geocentric Distance 
Closing Ye 1 o c i  t y  8 - 15 km/eec 
Corrected Mise Dirtance (30) 5000 - 10,000 kn 
Payload Capabi l i ty  
A t  1 as  -Agena 578 - 630 l b s  
A t  l a 8  -Centaur 900 - 1400 l b s  
2 . 2  SEQUENCE OF EVENTS 
A ecquence of events  f o r  the photovol ta ic-configurat ion spacec ra f t  
i r  t abu la t ed  i n  Table 2 - 2 ,  us ing  a mission t o  Pone-Winnecke t o  time-key 
the events .  The sequence is the lame for the i s o t o p i c  conftgurat ion 
2-1  
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8 S t a r t  Encounter 
Sequence 
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except f o r  the  s o l a r  deployment events.  
2 .2 .1  Data Modes 
Data modes r e f e r r e d  t o  in  Table 2-2 are a s  follows: 
I: 
11: 
Sampling of only engineering da ta  during maneuvers and 
during c r u i s e .  
Transmission of a l t e r n a t i n g  engineer ing and science da t a  
block during launch, i n i t i a l  a c q u i s i t i o n  and c r u i s e .  
111: Sampling of only science data  during i n t e r c e p t .  (No 
engineering data .  ) 
a t  maximum b i t  ra te .  
IV: Transmission of stored science da t a  and of real- t ime 
Mode I enf5ineering da ta  during poat-intercept, 
I I Ia :  Transmission of science d a t a  during i n t e r c e p t ,  except TV 
2.2.2 Eventr 
I f  t ho  science boom f o r  extending the  s e n s i t i v e  magnetometer and 
i o n i t a t i n  chamber i 8  obviated by very low r e s idua l  spacec ra f t  magnetism, 
t h e  low-gain antenna waveguide can be used t o  mount these Instruments and 
Event 7 ,  deploy rcience born, is deleted.  
On a mirs ion t o  Brooh (2) a t  1.8 A . U .  h e l i o c e n t r i c  d i i t a n c e ,  
Event 31, i n t e r c e p t  lrcience on, occur8 before  t h e  scheduled encounter f n  
o r d e r  t o  o f f r c t  the cold t amera twe of the t r a c k i n g  arrambly and r c i ence  
p l a t fo rm a t  thim l a r g e  d l r t8nce .  
2.2.3 Encounter Seauence of Eventr 
The a e r i e r  of aventr during the encounter phase is i l l u r t r a t r d  i n  
F igu re  2-1  f o r  an Atlar-Centaur boosted r p a c e c r a f t  from AMR t o  
a 
PH I LCa 





f -  
. .  
Pons-Winnecke in  1 9 7 0 ,  and i s  de ta i l ed  below: 
Event 2 9 :  S t a r t  Comet Acquis i t ion 
(i) The comet t r a c k e r ,  pre-set  before launch a t  an angle determined 
by the planned approach t r a j e c t o r y ,  is turned on by d i r e c t  command 30 days 
before  encounter a f t e r  t he  eecond'maneuver has been executed. 
(ii) The cotnet t r acke r  is a TV-tracker whose scanned i m g e  is  
compressed and telemetered through a b u f f e r  s torage t o  Earth.  
( i i i )  The received v i d e o  on the Earth is reconstructed f o r  dieplay 
and a n a l y s i s  t o  v e r i f y  t h a t  t h e  t a r g e t  i n  the f i e l d  of  v i e w  is t he  comet 
and no t  b r i g h t  e t a r s  r a d i a t i n g  through the coma. The i n t e n s i t y  and i t s  
t ime change is a l s o  recorded. 
( i v )  Transmission and analyeie of the compressed TV image8 continues 
u n t i l  ground analysis v e r i f i e s  the de t ec t ion  of the comet a s  an extended 
3 S j e c t  i n  the s t a r  f i e l d .  
(v) The angular  position of the comer t r acke r  is updated everv 
5 days e i t h e r  by d i r e c t  command o r  by a clock-actuated s i g n a l  (with 
DC back-up) based upon the  planned approach v e l o c i t y  vec to r .  
former opt ion is exercised a f t e r  a c q u i s i t i o n  in the f i e l d  of view has 
been e s t a b l i s h e d .  
of compressed-TV transmission and ona lyss i .  
The 
The l a t t e r  option i s  excerciscd only during the per iod 
(v i )  Cruise  science and engineering da ta  a r e  sequenced f o r  
t ranrmission &tween a s e r i e s  of TV pictures, 
2-7  
WDL DIVISION I 
l \  
(1) The a z t a - t r a c k  xodz 1 s  .q:t istec! 5.: d : f e r t  c.-nnand i n  o rde r  
t o  t r a c k  the  o p t i c a l  c e n t r o i d  f ::?e ' :erLficd c c e t a r v  abject (nuclear 
condensation). 
( i i) The ni: c i e us - c r i e ~ ,  t e 2 : r: ! .: r :e ; c s : I ei ic  e i' "A 2van ced - ! fa r ine r " TV, 
photometers,  ar.d s w r t r m e t e r s )  ;$ s:a.-e3 t n  t - e  c m e t  tracklng assembly. 
E v e n t  31: I n t e r c e p t  S c : ~ - , c e  3r! 
Event 32: Start Rec3rOing 
Event 36: Tape P l a v b a c k  
All data is played b a c k  t y i c e .  Z i t 3  rea!-tim transmission of 
most of the i n t e r c e p t  sciepce dc?ra,  i t  1 s  n e c e s s a r y  tc r e c o r d  and 
plsybeck anly  the TV, Ybe o p c i m  exists f-r  recording and thtrs playing 
back all the 2ata  up t o  30 ?as's a f r e r  P?.r > , . n t e r  ( p o i n t  of  c loses t  
approach),  as indiczited by E.:ezt 1 7  i r l  T a b l e  2 - 2 .  
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The c r i t e r i a  e s t ab l i shed  for eva lua t  Fng s y r t e r  c a p a b i l i t y  are 
the fOllOViRg key system parameters: 
I .  Weight of sc i ence .  The weight of t he  instrument pryload €8 
a measure of t h e  number and s o p h i 8 t i c a t i o n  of expcrimcntr t h a t  can be 
perfomed t o  r a t i a f y  the mission objectfvce.  
2 .  A i m i n g  error. The 3 - s i p 8  aiming-point e r r o r  is (I meamire 
’ of the r c r u l t r  of an early ,  p t e - a c q u i s i t i o n  o r b i t a l  d e t e r r f n a t i o n  Lavertip- 
t ion  for d e t c w i n i a g  the unce r t a in ty  in  time of p e r l h c l i o n  prrragr; the 
guidance eyrtem. Lnjrc t ion ,  and DSIF t rack ing  errors; and the  v t l o c i t p -  
c o r r e c t i o n  f u e l  c f ipabi l i ty  t o  con t ro l  a given spacec ra f t  weight.  
3 .  B i t  r a t e .  h e  teleneteted b i t  rate f a  a raeaoure o f  the t o t a l  
d a t a  r e g i r t e r e d  by t h e  l n a t r u m t n t e ;  the e f f e c t i v e  r ad ia t ed  power of t h e  
telemetry rubryrtcm; the  caprcitfea o f  the  d a t a  compresrion and r torrge 
r u b r y s t e w ;  and, a f t e r  t he  oecond maneuver, t he  number of comprcrcred 
p i c t u r e 8  that can be analysed t o  confirm the  d e t e c t i o n  of t h e  c m e t ,  to 
memure It8 i n t e n r i t y ,  and t o  de t e rn ine  the directioa of the comet 
tr8cker relative t o  the op t i ca l  cen t ro id  of t h e  comet. A higher vr lw  
ir rrrimed to  r e a l - t h  t r r n r m i r r i o n  of data dur ing  i n t e r c e p t  t h a  to 
po8t- intrrcept playback only. 
WDL DIVISION- 
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There t h ree  parameters forp t h e  basis fo r  t h e  fo1louFng 8-145 
formula t ion  Of system capability: 
3a \ 
n = -  %c i - 1 fl *8/C B - . -  
7 1  0.4 80 365 10 
where 
' rc i /71 weight ( l b e )  of  e c f e n t i f i c  instruments  and a n c i l l a r y  
1 scan p la t form r e l a t i v e  t o  71-db re ference  
3a - 3-sfgrae e r r o r  about etmtng point (b) 
daa - mise-dfstance from center of nuclear  eondenrat ion (ka) 
0.4 - almlng-error  function re ference  
hV/80 t o t 8  1 midcourse ve loc i t p  c o r r e c t i o n  c a p a b i l i t y  ( d r e c )  
r e l a t i v e  t o  80 rn/sec r e fe rence  
Wr/c1565 
3/10 
weight ( l b a )  of spacec ra f t  r e l a t i v e  t o  565-lb r e fe renc  
b i t  r a t e  t ransmi t ted  during In t e rcep t  (bp8) r e l a t i v e  t o  
LO-bps reference 
The r e fe rence  va lues  a r e  Msrinet-C c s p a b i t i t t c e .  Table 7-1 tabulate8 
t h e  ryrtem c a p a b i l i t i e s  (H) of Atla8-Centaur and at ha-Agam comet probe8. 
The Ccat8ur  prober *cr\lae a 25-watt r p a c e c r r f t  t r a n r r i t t e r  and 8 210-foot 
tow- tcrpar r turc  ground receiving antenna, 
and the ZlO-foot receivFng ryrtem. 
Tha Age. preber  8 8 8 ~ #  :o watt0 
The auccer r  of t h e  miarlon depend8 p r t a u r l l y  upon t h e  fol lowing 
c r i t i c 8 1  l u b r y r t a n r  and cooretrry f8ctnre:  
1. A t t i t u d r  c o n t r o l  rystcrn r e l i a b i l i t y  t o  e r t a b l i r h  or ~ l n t a i n  
lima and 4=rwpur r r f e r t n e e r  affect8 8V8&18bh pwer from phot* 
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and sc i ence  p I a t f a m  pointing. 
2. The conduct of a thorough a ~ l y ~ i e  of comet o b r e r v a t i o r u l  
d a t a  reducer cometary orbit81 u n c e r t a i n t i e s  and t h w  tncrearer 
the p r o b a b i l i t y  of i n t e r c e p t  and reducer the v e l o c i t y - c o r r e c t b a  
requirement8 . 
3. Kidcourse p ropu l r i an  r e l i a b i l i t y  t o  execute v e l o c i t y  c o r r t c t f o w  
a c c u r a t e l y  a f f e c t s  the miss d i s t a n c e  and p r o b a b i l i t y  of i n t e r -  
cept .  
6. The b i a r t n g  o f  t he  mise-distence far the spacec ra f t  t o  parr  
on t h e  sunlit side of  the n u c l e a r  condensation deterrafner 
rcfence platform point ing,  s c i ence  r e r o l u t i o n ,  a d  the rb i l i ty  
t o  obrervc the nucleus fmm a given position on t h e  rpacec ra f t .  
3. Comet o b r c r v a b i l i t y  a f t e r  the second maneuver d e t a r r i n e r  t h e  
accuracy with which encounter inr t rmaentr  can be pointed a t  t h e  
nucleur ,  and determines the required r e n r i t i v i t y  of t h e  comet 
t r a c k e r  and r c i cnce  TV. 
6, Coatet tracker relirbliitp t c ;  ecqutre end track the o p t i c a l  
c e n t r o i d  of  the coarct d e t e m f n e s  vhe thc t  t c l c v l r l o n  and 
apactmphotometr ic  d a t a  on the nucleur can be c o l l e c t e d ,  
P a r t i a l  8uccerr  can r t i l l  be r e a l i z e d  with t h e  rpectrophoto- 
metric Lnrtrumentr aboard t h e  t r a c k i n g  asreably , e r p a c i r l 1 y  
i f  t h e  p o i n t i n g  angle r e l a t i v e  t o  t h e  r p a c e c r a f t  and comet 
c e n t r o i d  18 knm. DSIP s p a c e c r a f t  t r ack ing  and Earth-bared 
c o w t  t r a c k i n g  da ta  can be used in conjunct ion with e i t h e r  
t h e  p r r r r t  t racker  p o s i t i o n  (in t h e  event the comet trackrr 
doer not acquire and lock onto t he  moving t a r g e t )  or t h a  
hrt  t t l e m e t a r r d  c m e t  trackat p o r i t i o a  (in tha event of 
c o n t r o l  fa i lura) .  
7-4 
WDL DtVISfON 
7. Shock loading on s p a c e c r a f t  during e n t r y  i n t o  the  cometary 
atumsphere a t  the  high r e l a t i v e  v e l o c i t i e a  is neg l ig ib l e .  
8. Duet damage t o  80hr  c e l l s  and o p t i c a l  t r a c k e r r  dur ing  f l i g h t  
through the  coma l a  unltnovn. 
9 .  Communication blackout of comwnd, ranging and telemetv 
signals due t o  e l e c t r o n s  la the copll fr abren t  a t  ftequmcirr 
above t h e  HF range. 
j . 7  PAYILW) CAPACITY 
The comet probe syetem ve ight  now t o r a l e  700 t o  800 lbs .  SFnce 
t h e  Atlas-Centaur  payload c a p a b i l i t y  for  comet missions Is 900 t o  1300 
l b s . ,  it f a  adv i sab le  that t h e  weight d i f f e r e n c e  be approprfated in ua7r 
that w i l l  enhance the  s c i e n t i f i c  va lue  of the  m i a ~ l o n ,  arcrure a high 
p r o b a b i l i t y  of rucccsr  , and introduce h igher  performance components. 
lhur, heav ie r  coqmnent r  tncludlng e t r u c t u r a l  materials can be ured; 
redundant components and asremblfes can be accommodated. 
For example, on some missions another t r ack ing  aesembly could be 
accommodated, and on o t h e r s  added spectrophotometr ic  o r  t e l e v i s i o n  rub- 
system8 could be added t o  the  one t r a c k i n g  assembly now s p e c i f i e d .  
thermal c o n t r o l ,  change-of-phase pas s ive  control techniques f o r  b a t t e r y  
temperature can  be ured r a t h e r  than a c t i v e  s h u t t e r s ,  redundant a c t i v e  
c o n t r o l  arraarbl iar  can be  Incorporated,  and crolfd-rlab i n r u h t f o n  can 
be ured r a t h e r  than m u l t t f o i l  In su la t ion  for c a w  of f a b r i c a t i o n  and 
r t m p l i c i t y  of attachment.  I n  tc lecomwmlcat ion,  redundancy in the 
t e l m t r y  and c o P v n d  a r r d l l e r  can be accoeaodated, rad high-povrr 
..lplitirrr (0.8.) 50 w a t t r )  can be rupported to incrrrre t h e  data 





& ' I  
IR powerc, higher paver demands mean fitting Facreased solar panel area 
within the Surveyor ehrwd (e.E., 90 ag. f t . ) .  
higher perfanmncc C q O U @ n t 8  (e.&, glrmr) that weigh Iore than t b r e  
prs8tntlf u r d  C 8 l l  be nourtted. 
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